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1.  O5CCPE

1.1 Sccpe. This Specification covers the requirements for the
design and fabricatdon of special RF test equipment to be usgd as a
precision transmitter-receiver combination designated an "RF Test

Conscle,"
2, APPLT AELE DOCUMENTS

2.1  The following documents, of the issue in effect on the date

for invitation of bids, form a part of this gpecification:
SPLl I ICATIUNS

Jet Propulsion laboratory

¥ 20016 General Specification, Workmanship
Requirements for Electronic Equipment

¥ 20018 General Specification, Cable
As :emblies, Fabrication of

20061 JPL Preferred Parts List, neliable
Electronic Comnonents

30609 JFL Standard Specification, Racks
for Ground Iquinment
#* Gee para. 3.8 for exceptions
tidlitary
MIL~F=-14072 Finishes for Ground Signal Zguipment

3. REQULEMENTS

3.1 Conflicting requirements. Conflicting requircments between this




specification and any specification referenced herein shall te referred in
writing to the JPL cognizant engineer and to the JPL procurement representative

for interpretation and clarification,

3.2 Deviation from requirements. Any deviation from the requirements

of this specification or any specification or drawing referenced herein shall
be considered a design change. Qlequests for such changes shall be submitted
in writing tc the JPL cognizant engineer and to the procurement representative,
Authorization of such changes shall Le obtained in writing from the JPL

procurement division.

3.3 Design. Any detailed electrical and mechanical design not
specified by JPL shall be accomplished by the contractor. The requirements
of this specification are detailed to the extent considered necessary to

obtain the desired mechanical and electrical performance.

3.3.1 Design approval. The contractor shall submit final

design drawings, sketches, schematics, etc,, for the JPL cognizant engineer's
gporoval prior to fabricati-n; any design aporovel or purported consent

by JFL personnel shall in no way waive or release the contractar from

any performance requirements, specifications, or characteristics as set

forth in this specification.

3.3.2 Design objectives. The objectives in the design of the

RF test console, in order of priority, shall be:

8. Accuracy and repeatibility of electrical performance.

[

b. Reliability, ease of trouble-shooting, and repair.

c. Simplicity of operation and maintenance.




3. General performsnce characteristics., The RF test console
shall consist functionally of a transmitter, nnise source, linear mixer,
and receiver as shown In Figure 1, plus additionai svecial and commercial

test e«:irment,

..l Transmitters, The console shall contain two (2) trans-

mitters, eacn with a center frequency of 50 Mc, One shall prnt:ce phase-
mod-lation of the carrier and the other, frequency-modilation of the

carrier with acilied input voltage,

3.L.2 Noise Source. The conscle shall contain a stable source

of white Gaussian noise.

3.4L.2 Power output monitors., The individual power outputs of

the transmitter and noise source shall be continuously monitored with

suitable power sensitive devices,

3.L.L Linear signal/naise mixer, The RF test consnle shall

contain a power mixer w:ich will linearly add the transmitter and noise

source outputs to create an accurately known signal-to-noise rstio | ONR;.

3.heS R@ceivars, The cons~le shall contain three (3) receivers
with the following demodulation characteristics: phase-lock P, phase-lock

FM, and conventional FM,

3.4.6 Test instrumentation. The console shall contain additional

. . >, .
special and cormercial test equipment as required to make it reesonably

self-ccentained under normal checkout and test conditions.
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.5 betailed rharacteristics., The detailed desisn of the RF

test console shall conform to the foll- wing performance specit'icatinns:

3.5.2 ™ operational nodes. The cons -le stall te carable

of rar.ow-be:is large modulation index and wide-band/small modulation index

Y4

PM operation, as wall as nar-ow-band Al operation, simultanemsly.

L1 General P¥ charactericstics, The PM transmitier-receiver

pair snhall exhiivit the following general characteristics:

3.5.0.1.2 Frecuency stability., The frequency stabiiity of both

the transmitter freaquency source and the receiver reference oscillator

. 8hall be as follows:

a, Each shall have a short-term statility, measured
over a one-minute period, of 1 part in 10 .,
e~ sured

over a four “our period of five (%) parts in 107,

=

b, Fach shall have a long-term stability, :

3.5.1.1,2 Phase statility. The phase statility of the ummndulated

transmitter-receiver pair shall be such as to cause no more than a one (1
de; ree RMS -phase error in a noise-free phase-coherent receiver with a

2B, »f 3.0 cps.
L °F 2y

3.5.1.1.3  Fidelity. The fidelity of the transmitier-receiver
7.7 shall te such that all spurinus sidebands within the modulation passband
arc 30 db guaranteed LO db design goal, below modulated carvier ~r Lo b

guararteed 50 db design goal, below unrodulated power whern the

V!
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transmitter is modulated with two (2) pure sinusoids of any frequsncy
and at modulation indices within the pbase modulator design limits specified

in 3.5,1.3.3. The distortion specification refers to distortion above

and beyond that contributed by the receiver sinusoidal phase detector.

3:5.1.2 PM transmitter. The console shall contain a PM trans-

mitter, shown functi-nally in Figure 2, with the following characteristics:
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3.5.1.2.1 Frequency. The transmitter center frequency

shall be exactly 50 MC and shall be continuously tunable + 500

cp8 about this frequency by manual control.

3.5.1.2.2 Power output. The transmitter power output shall

‘be sufficlent to drive the signal/noise mixer specified in 3.5.3.

Its stability requirements are specified in 3.5.3.2.

3.5.1.2.3 Phase modulators. The transmitter shall contain

both narrow and wideband phase modulators with the following

characteristics:

a.

Frequency response. The frequency response

of the narrow and wideband phase mocdulators
shall be constant within + 0.1db from dc to
500 k¢, and within + 0.5db from 500 kc to 1.5
Mc, relative to the dt response,

Phase devration. The narrow-vand mcdulator

shall be capable of deviating the carrier ¥_
3.0 radlans peak, and the wideband modulator,
:1.0 radlan peak.

Deviation linearity. The characteristics of

the phase modulators shall bte sufficlently

linear to meet the fldelity requirements of

3.5.1.1.3.

Incidental AM. Incidental amplitude modulation

due to phase modulation shall be kept sufficient-

ly low tc meet the fidellty requirements of
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3.5.1,2.5 Amplitude modn.stor, The transeitter shell contain

a rarrowban’ amplitude modulator with the [ollowing characteristics

a., Frecaercy resvnse, The frennercy resonie

X

Af the amrlit e rodulator shall ra canstant

witrin + 2,1 dF from de to 5.0 ¥e.

rr

. grce.t wodulastion, The modulator stall be
capatile b armiince medilating the carrier

+ 50 surecent in vollage.

c. odelater ilnearity. The armplitude nocduizbion

shall be linear with applied si:na) vollape to

within °%F voarenteed, 15 dosien goal,

do mepferiar A ond e D
laticn due Looampiitoede naduiation shall te
nerligitia,  wWith roonvet bo the irherent -—-
per i.0.0.0.7.

P NS candwidthe,  ™e overall M wrans ibter Yandwidih

smell re eansisiert with the abave carformarce grecs Dinatinms,

o

L0.1.2.7 Traremibier refoporce o g b, The trarsritter

~  yers

st 41l have an wrndulabed S0 00 ovdco b compabil e with the ro-
quiremants of the phase noise meas r-rwnt specilied in 3.7.1.0

ard with the traasmitier test {.otcrurentation syecified fn S.oan,




3.7.1.3 PM recelver, The console shall c¢ontain a phase-

lock PM receiver, shown f''ncti-nally in Flgure 3, with the

following characteristics:

3.5.1.3.1 Input Amplifier. The PM receiver input amplifier

shall have the following characteristics:

a. Bandwidth. The passband of the 50 MC inptt

amplif*or gshall be a minimun of 19 Mc at
th2 X db p2ints, and shall be flat to with-
ir #0.25 ¢b within ¢+ 2 Mc of the center
frequency.

L. Phase linearlity. The phase characteristics

of the Input amplifier shall be sufficlently
linear znd syrmetrical so asto meet the

fidelity requirements of *.5.1.1.3.

@]

AGC response. ‘tne gain ol tius input 14

[

"
asape

fier shall e AGC controlled over a 30 db
ranse.

3.5.1.3.2 Voltage -contr>lled osclllator. The voltage con-

trolled oscillator used in the PM receiver shall be crystal-con-
trolled and have the followino characteristics:

a. Frequency. The center frequency of VCO No. 1

Y

snall be adjustable to exactly 60 Me., (1 Mec

Mulbtiplied te 60 Mc)

b. Stabllity. The frequency and phase stability

of the VIO shall b%e consistent with the trans-
mitter-receiver pair phase stability speci-

fied in 3.5.1.1.2.

- 10 -
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Manual tuning. It shall be possible to

manually tune the VCO for the purpcse of

~inlitially acquiring the transmitter frequency
and for subsequently creating controlled loop
statlc phase errors as large as + 30° during

system testing. The VCO detuning range shall

he 1‘500 cps. The referenced phase error is

attributed to maximum detuning and reduced loop

gain.

Locked condition. It shall be possible to

essentlally ground the VCO input and thereby
lock it at its zero-voltage quiescent frequency,

or to connect 1ts input to a varilable dc voltage

source, for the purpcse of testing the loop in

an open condition.

3.5.1.3.3 Balanced modulators. Tiie PM ra2ceiver shall contaln

three (3) balanced modulators, as shown in Pigure 3. They shall be

functionally equivalent to ideal voltage multipliers in the time

domaln, or translators in the frequency domain, such that all

spurious and feedthrough products are 50 db quaranteed, 60 db

design goal, below the desired output,

3.5.1.3.4

10 MC IF amplifiers with the fcllowlng characteristics:

a.

IF amplifiers. The receiver shall contaln two (2)

Narrowband IF. The narrowband predetection IF

amplifier shall have a 3 db bandwidth of 2.0 ke,
and a phase response that 1s symmetrical within
+ 5% for frequencies within *+ 1 keo(+ 5 ke Design
Goal) of center

- 12 &
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freg ency, It shall be pnssible to simply

and reliatly replace this mddulz and therehby
charge the characteristic: of the vredetection
bandwidth,

Wideband I¥, The wideband T¥ amplificr shall

have a ninimum 3 db vardwidth ~f 6 e, and shall
be flat to within + 0.5 db within + 1.9 e of

the center froquency. 1Its phase resps .se shall

be symmetric witiin + SO ovar the & l!lc passband,
and sufficiently linear so as to meeit the fidelity

requirements of 3.5.1.1.3.

The wideband ard narrowband IF amplifiers will

o
track in phase within + 5 over + 33 C/S about

the center frequency. At cenler freguency the

tracking will be wib:in 29 degrees as determined

" by the limiter and AGC phase shift over the dynamic

range of the system, but it will be possible to

manually adjust out this phase error with the

reference phase shifter,

3.5.1.3.5 Reference oscillator, The PM receiver reference oscil-

lator stall have a fixed-frequency output tunable to exactiy 10 e,

1 Hic mulbiplier to 10 Mc  Its freqiency and phase stability shall be

consistent with the stability requirements of 3.5.1.1.1 and 3.5.1.1.2

3.5.1.3.6 Phase detectors. The PM receiver shall have two (2)

phase debtectors with the following characteristics:



a. Bandwidth, The wideband phase detector 3 db video band-

width shall be a minimum of 5 Mc design goal, 8 Mc.

b. Fidelity. The phase detectors shall be functionally
equivalent to ideal voltage multipliers in the time domain,
consistent with the transmitter-receiver fidelity speci-
fication of 3.5.1.1.3. The phase detector linearity
shall be in accordance with a sin © transfer of Video
output vs signal phase,

¢. Gain constant. Each phase detector shall contain a hard

limiter such that its gain, measured in volts/radian,

will be consistent with the operating conditions, described
in 3.5.1.3.7. It shall be possible to easily bypass

this limiter for certain system tests, in which case the
stability of the phase detector gain constant will be
determined by the accuracy of the AGC system.

d. Phase adjustment. Each phase detector snall coxtain a

variable phase shift network in series with the reference
oscillator inpyt and of sufficient adjustment range to
permit precise balancing of both open and closed phase
loops.

3.5.1.3.7 Phase loop gain. The PM receiver loop gain shall be

sufficiently large such that the residual loop static phase error is
negligible (one degree) over the normal receiver operating frequency range
as determined by the transmitter tuning range and the system frequency
instabilities, when the VCO is tuned to its zero-voltage quiescent frequency.
The loop gain stability over this same range shall be within : 3 percent

of nominal.

P

w3
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SRR L.op £i .21, Tne phase-lock PM recelver gshall

have the Ioilowling loop caaracteristics:

a. Confip raticn. It shall he poasible o ~remate
—

with e’fher sn active or passi.e Z:acp filter
as shown in Figure 4,

b, B.ndwidths., The receiver shall have fow  (4)

standard 1s¢p ncise btandwidths of 3, 12, 20 and L8
cps in the pass!ve configuraticn, definad at the
recelver abgolute thresh»ld SNR operating point.

It sha

[

1 ve poss

}-d

ble to simply and reliably
changa the loop filter ¢ mponents in order to
operate wlth elther the same bhandw'dihs at
different defined threshold polnts, or with any
other loop ncise bandwidth from 1 to 1000 cps.

C. Ccmponent tolerances. The resistive loop filter

component values shall be accurate te within#*
-1 percent and the capacitive components, to with-

in * 5 percent,

3.5.1.32.9 Amplitude detector. The PM rece’ver shall contailn

a coherent amplitude detector with the following characteristics:

a. Bandwidth. The bandwidth of the amplitide de-

tecter shall be sufficliently wide that the cver-
all transmitter-receiver AM characteristics aras

determined only by the transmitter mod.ulator,

lag

Linearity. The relatiocnship between carrier in-

put voltage amplitude and detectcr cutput volt-

age shall be linear to within *+ 3% guaranteed,

-5 - | e
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* 1% design goal, under both static and dynamie
conditions,

c. Phagse adjustment. The amplitude detector shall

contaidsr a variable phase shift network in series
.wWith the reference oscillator input and o»f
sufficient adjustment range to permit precise
balancing »f the AGC locp.

d. Manual gain control. A means c¢f manually con-

troclling the receliver gain over its entire
operating range of 30 db shall be provided.

2.5.1,2.10 AGC loop gain. The AGC lcop gain shall te greater

than 2C over ita entlre operating range such that the varlation in
the ¢ herent recelver oulput, measured at the narrowtand IP amplifier
output,shall nct vary more than + 0.3 db for an input signal level
variation ct' # 6 db about 1its desicn center.

3.5.1.3.11 AGC fllter. The phase~lock PM receiver shall have
an AGC filter with the following characteristics:

a. Configuration. The AGC loop filter shall bte a

passive single-pole RC low-pass {ilter.

b.  Bandwidths. The AGC loop shall have four (4)

standard lcop nolse bandwidths of 0.01, 0.1, 1.0,
and 10 cps. It shall be possible to simply and
reliably change the filter components in order to
cperate with any other ncise bandwidth within
this same range.

c. Component tolerances. The AGC filter shall adhere

to the same component tolerances as specified in

3.9.1.3.8¢c. The lcop filter cumpnonent tolerances

-7 -
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for AGC loop noise bandwidth of .0l cps shall

be accurate to within + 5%,

3.5.1.3.12 Offset frequency. The offset freq.ency, f1, f3 shall

be exactly LO and S5 MC such that the predetection recording spectrum

will be zentered at & Mc, It shall be possible to easily replace

this reference with an externally suppliad freguency.

3.5.1.3.13 DC isnlation amplifiers. Amplifiers with dc response

shall be provided to isolate the signal sources from external equip-
ment, amplify or attenuats the signals to a rzasonable output level,
and to filter out unwanted higher-order spectral components where

necegsary. +#here practical, it shall be possible to easily change

the gain and bandwidth of these amplifiers over a moderate range
by means of passive feedback components. The nominal output level

shall be +10 dbm,
3.5.1.3.14 AC isolation amplifier. An ac amplifier shall be

orovided to isolate the predetection recording output from external
ecuipment, amplify or attenuate the signal to a reasonable output
level, and to filter out the unwanted higher-order spectral com-

If oractical, it shall be possible to easily change the

The

ponents,
gain and bandwidths of this amplifier over a moderate range,
nonminal output level shall be 10 dbm,

3.5.1.L [ predetection playback. It shall be possible to

» . * -
easily modify the configuration of the P rcceiver, as srown in

Figure 5, in orders to coherently demodulate PM signals previously

predetection recorded,

-18 -
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3.5.1.4.1 Voltage Controlled Oscillator

When operating in the predetection recording plagback

configuration the same VCO shall be used as when the phase modulated

carrier is derived from the S/{ Sumrer.

3.5.1.4.2 leted

3.5.1.5 Phase noise instrumentation

Special Test Instrumentation shall be provided for the
purnose of maxing accurate phase niise density function, variance
and shectrum measurements during PM system tests as shown in figure 6.

3.5.1.5.1 BRalanced odulator

The balanced modulator shall be identical to that

vspeCified in 3-5-103030

3.5.1.5.2 IF Amplifier

The IF amplifier shall be identical to the narrowband
IF specified in 3.5.1.3.ka.

3.5.1.5.3 rhase shifter

The phase shifter shall operate at a frequency of 10 MC
and provide a continuously variable phase shift to O to 360° or + 180°,
It shall have a calibrated dial accurate to within + 1° over this
range,

3.5.2.5.4 Limiters
The phase noise test instrumentation shall contain two

(2) identical limiters with the “ollowing characteristics:

- 20 =~
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a, Delay The limiters peak jitter shall be no
greater than 1 usec.
b, Rise Time The 10 to 90 per rise and fall times

shall be identical and no greater than 5 nanosec. Identical rise and

fall times are a design gnal,

C. Symmetry. The limiters shall introduce no measure-

able asmmetry in the output square wave duty crcle,

3.5.1.5.5 Binary Dividers

The two binary dividers shall be identical shall have
output waveforms which coniorm to these for the limiters above and
shall be capable of division by 2, L or 3 (The delay of 3 cascaded

binary dividers will be of the order of 16.5 nanoseconds when connected

as a parallel clocked divider)

305«105.5 Phase Detechor

The phase detsctor shall be capable of operating at
5, 2.5 and 1.25 mc, Its output voltage shall be a limear function
(within 1%4) of the inp:t phase difference and differ from this only

due to the finite inpqt waveform rise and fall times and droog.

3.5.1.5.7 DC isol.tion Amplifier

The dc isolation amplifier shall be identical to those
S?eCifin in 3-501.3.13.

3.5.1.5.% Offset Frequency

The offset frequency f» shall be approximately 1.0 KC,

¢

It shall be possible Lo easily replace this reference with an extrnally supplied




frequency.

3.5.1.5.9 Balanced Modulator

The balanced modulator shall be of the chopper phase
detector type and shall be capable of operating with any of set
frequency between 100 cps and 10 XC,

3.5.1.5.10 AC isolation amplifier

If required, an isolation amplifier shall be provided
to isolate the talanced modulator output from external equipment,
This amplifier need only have ac resmonse, but may be a dc amplifier
for the sake »f simplieciry, -

3.5.2 FHk Operational lodes

The RF test console shall contain a wideband ©}M transmitter
capable »{ nperating in either AFC or non-A~C modes and both con-

ventional and phase-lock FM demodulators,

3.5.2.1 General rM Characteristics
The Fi transmitter receiver pair shall exhibit the follow-

ing general characteristics:

3.5.2.1.1 Frequency Stability

The frequency stability (design goal) of the FM trans-

mitter-receivar pair shall be such as to cause less than 15 cps RIS

regidual F!1 with the transmitter operating in the AFC mode and 60 cps

rm3 regidual FM with the transmitter in the non-AFC mode measured at

the output of either the conventional or phase lock FM receiver in a

509 KC bandwidth,

- 23—



30502.1.’2 Static limaritzo

The transmitter-receiver pair shall exhibit a static
linearity of + 0.5 percent over the full-scale frequency deviation with
the non-AFC transmitter and either receiver above and beyond the in-
herent sinusoidal phase detector non-linearity. (A Design Goal)

3.5.2.1.3 Dynamic linearity.

The transmitter-receiver pair shall exhibit a dynamic
linearity of -+ 1.0 percent over all combinations of modulating frequency
" and frequency deviation in both AFC and non-AFC transmitter modes and
with either rccel sr above and beyond the inherent sinuscidal phase

detector non-linearity. (A Design Goal),

3.5.2.2 FM transmitter.

The console shall contain a wideband FM transmitter,
shown functionally in Figure 7, with the following characteristics:
3.5.2.2.1 Frequency.
The transmitter center frequency shall be adjustable to
exactly 50 Mc and shall be continuously tunable + 500 cps about this
frequency by manual control.

3.5.2.2.2 Power output.

The transmitter power output shall be sufficient to drive

the signal/noise mixer specified in 3.5.3. Its stability requircments

are snacified in 3.5.3.2.

- g
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3.5.2.2.3 froquency modulator.

The transmitter shall cortain a wideband frequency mod-
wlator with the followirz charactari:stics:

a. Frsquency resporse, The freguency resoonse of the

frequency modulator shall be constant within + 0,1 db
from 50 C/S to 190 ke and + 2.5 db from 3 cps to
g7 ¢35 and 109 %C to 507 ke, (A Desisn Goal)

b.. Freouency devintion, The modulatrr shall be capatle

. -I deviating the carrier + £0 ke about its canter

framenny with o maxisim modulation index of 512

¢. 2viation liearity. The characteristics of the

freaqierncy nodulator shall be sufficiently linear
[ ]

to mect the static and dymamic linearity requirz-
ments cf 3.5,2,1.2 and 3.5.2.1.3.

A IR LN o b
JeleZec ey ALC oOperation,

The FM transritter chall be canable of opsrating either
witn or without automatic frequewy contrel. In the AFT mode its modula-
tion resp:se 22211 ba Irom 3 ris to 500 ke, and in the non-AFC mode,

from de to LI0 .

3.5.2.2.7 Talebed

——-

-

HEE T PRI 3
3.5.7.7.5  Ampliithole modulatar.,

The 7 tramg-ittar shall contain a narrovwband amplitude
rlilalsr with onaras cersshics ideniical to b.at n the P9 bransmitter

as soecifiet in 3,9.1,2.%
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3.5.2.2.7 Deleted
3.5.2.2.8 Bandwidth

The overall FM transmitter bandwidth shall be consistent

with the above performance specifications.

3.5.2.2.9 Transmitter reference outout. The Fii transmitter reference

out ut shall be identical to that for the PM transmitter.

3.5.2.3 Fii receivers,

The console shall cdnbain a dual FII receiver contain-
ing both conventional and phase-lock Fl1 detectors, shown functionally
in Figure 3, with the following charaéﬁeristics: Eoth receivers should
have the same out;ut sensitivity,

3.5.2.3.1 Inout band-pass filter. The dual FM receiver shall

contain three (3) easily interchangeable band-pass filters with the
following characteriztics:
a., Bandwidths: The input filters shall have half-
power bandwidths within + 2 percent of 1 Mc, 100 ke,

and 10 ke,

b. Amplitude characteristics, The amplitude respomse

shall be esteblished by tha 3 DB bandwidth and the

phase characteristic,

Cc. rhase linearity, The filter phase chesracteristic

shall be linear as established ty a Bessel, Gaussian

or equiripple phase res;anse,
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3.%.2.302 MQ
The dual FY receiver shall contain a hard limiter follow-
ing the input band-pass filter with the following characteristics:

a. Dynamic range. The limiter shall have a dynamic range

of 60 db minimum,

b. Output waveform, The limiter output waveform shall have

delay, rise and fall-times, symmetry, and droop
characteristics consistent with the requirements of the
FM detectors which follow 1it,

3e54243.3 Conventional FM detector.

The dual ¥M receiver shall contain a conventional ¥M detector
with performance characteristics consistent with the frequency stability,
and static and dynamic linearity requiremsnts of 3.5.2.1.1, 3.5.2.1l.2, and
3.5.2.1.3.

3.5.2.3.4 Phase-lock FM detector.

The dual FM receiver shall contain a modulation-tracking
phase~lock ' detector with the following characteristics:

a. Voltage-controlled oscillator., The voltage-controlled

oscillator No. 3 shall have a center frequency of exactly

50 Mc, deviation capability consistent with the transmitter
modulator characteristics specified in 3.5.2.2.3b., linearity
consistent with the static and dynamic linearity specified

in 3.5.2.12 and 3.5.2.1.3. and sufficient stability to
satisfy the overall transmitisr-receiver stability speci-
fied in 3.5.2.1.1.

b. Phase detector. The phase detector bandwidth shall be con-

sistent with the transmitter moduluitor frequency response



specified in 3.5.2.2,3a. It shall be of sﬁfficient
fidelity to meet the dynamic linearity requirements
of 3.5,2.1.3. Aside from the inherent non linearity
of a sinusoidal phase detector.

c. Loop gain. The loop gain shall be sufficiently large
such that under conditions of peak transmitter deviation
the steady state loop phase error due to finite loop gain will
be less than 10° The loop gain stability shall be + S per-
cent over all operating coﬁditiona.

de Ioop filter. The loop filter shall be of the passive
configuration as shown in Figure Ub. Three(3) standard
loop information bandwidths of 3, 30, and 300 k¢ shall
’be supplied, with component tolerances as specified in
3.5.1.3.8¢c. It shall be possible to simply and reliably
change the loop filter components in order to operate
with any information bandwidth from iOO cps to 1,0 Mc,

e. Compensation filter. A single-pole RC low-pass filter

shall be employed at the loop filter output such that
the overall phase-lock FM detector transfer function is
that of a "pure" loop. The component tolerances and
interchangeability shall be the same as for the loop
filter, The "pure" loop transfer function will be
modified by the loop poles contributed by the loop
phase detector, VCO and Amplifier.

3.5.2.3.5 Output low-pass filter. The dual FM receiver shall contain

a single low-pass output filter with the following characteristics:

a. Response characteristics. The output filter shall have

more than 3 poles and shall have either constant amplitude

- 30 -

LS :
1~



By
y 4
or linear phas¢ response churacteristics manually opera-

-

tional amplifier selectable, (6 Filters Selectable or Active
Filters)

b. Bandwidths. The cutput filter shall have three (3)
standard bandwidths of 1, 10, and 100 ke. It shall be
possible %o simply and reliably change the bandwidth
determining compcnents in order to operate with any
bandwidth from 10 cps to 500 kc. (Reﬂlacea‘gle modules or

active filters)
3.5.2.3.6 Offset Irequency.

The offset frequency, [j, shall be exactly 55 Mc such that
the output spectrum will be centered at 5§ Mc. It shall be possible to
easily replace this reference with an externally supplied frequency.

3.5.2.3.7 Balanced modulator. The balanced modulator shall be identi-

cal to those specified in 3.5.1.3.3.

3.542.3.8  4AC isolation amplifier. The ac isolation amplifier shall be

identical to that specified in 3.5.1.3.1L.

3.5.2.4  FM predetection playback, It shall be possible to easily modify

the configuration of the M receiver, as shown in Figure 9, in order to demodu-
late ™' siznals previously prsdetection recorded.

3.5.3 Linear siznal/noise mixer. The RF test console shall contain

a precision linear sinal/noise mixer, shown functionally in Figure 1.

3.54301 General characteristics.

The linear signal/ncise mixer shall have the following
characteristics,
3.5¢3.1.1 Function.
It shall be the function of the signal/noise mixer to accurate-
1y wmonitor the sighal and noise source power outputs, attenuate them accurate-
ly, and linearly sum them in order to create a stable, accurate signal/noise

ratio (SNR). The SN2 shall be defined as the ratio of the total unmodulated

G



transmitier powar o0 “he nuise power dansity at the transmitler output
freguency.

3.5.3.1.2 Dymnamic range.

The sirnal/ncise mixer shall be capable of accurately creat-
ing S'Rs, as previcusly defined, from O to 100,0db. In addition, it shall
be possible tc easil& create no-nolse and no-sional cenditions for system
tests.,

3e503.2 Signal sources.

In the normal mode of operation, the scurce of the test
si-nals shall be the 5C uc Pif or ™ transwitters specified in 3.5.1.2 and
3,5.2.,2. It shall be possible to 2asily substitute other 50 mc signal sources
for spocial system tests,.

3.5.3.2.1 3irnal power stability.

The stohility of the PYM and FM trancmitter power ortputs

shall be hatiter than + 0,1 db ovar a Jour (i) hour period.

The linear sisnal/noise mixer shall contain a stable 50 Mc
sonrce.

3.5.3.3.1 Noise characteristics.

3

Mhe noaice scurce shall have the following characteristics:

‘2.  Amplitude distribution,

The noise scource <h:all have a Gaussian amplitude dis-
trivution, Tre lingar voeltoge dynamic range of z1l ele-
ments in series with the uoise souwrce 3hall be at least

i,
Lthre

il

N\

(3) tirgs ‘e rme value of the ncise voltage.
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b, Bandwidth. The noise power spectral density shall be
censtant within + 0,05 db over a bandwidth from 48 to

52 lc. (a design goal),

3.5.3.3.2 Noise power stability.

The stability of the noise source power output shall be
better than + C.1 db over a four (4) hour pericd.,

3.5.3.L Overall absoluate accuracy.

The signal/noise mixer shall be sufficisntly accurate and
stable that SNRs, as prev:ously deflined in 3.5.3.1.1. accurate to # 0.3db
can be set and maintained over a four (4) hour period. This accuracy
tolerance shall include the error contributions of the signal and noise
source power output instability. The constituent parts of the signal/noise
mixer shall have the following characteristicss:

3.5.3.4e1 Power splittars.

The power splitters shall be calibrated and have sufficiently
stable characteristics such that they contribute nerligible error to the

resultant 5NR.

3.5.3.:.2 Reference filter.
| The signal/noise mixer shall contain a reference band-pass
filter centered at exactly 50 Mc, Its noise bandwidth and center frequency
insertion loss shall be sufficiently stable, and knoun with sufficient
accufacy, that it contributes ne;lible error to the resultant SKR.

3.5.3.4is3 Power monitors.

The signal/noise mixer shall contain at least one (1), and
may contain two (2), power monitors for the purpose of accurately establish-

ing reference signal and noise power levels, The power monitor(s) shall be

..33 -
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readable to better than 0.05 db and shall contribute no more than * 0.1
db total uncertairty in the resultant SHR.

3.5.3.4.4e Precision attenuators.

The siznal/noise mixer shall contain one (1), and may con-
tain two (2), precision attenuators with suf "icient attenuation range to
meet the SIR dynarmic range specified in 3.%.3.2.1. The attenuator(s) shall
contribute to more than + 0.1 db uncertainty in the resulting SIR.

3.5.3.4.5 Precision adder.

The precision mixer shall linearly sum the attenuated signal
and noise power functions in order to create the desired SNR. It shall be
calibrated and have sufficient stability over its entire dynamic range such
that it contributes neglipivle error to the resultant SNR.

3.5.3.5 SNR resoiutiones It shall be possible to create any SNR from

0 to 100.0 db in increments of 0,1 db.

3.5.3.6 5D repeatability.

It shall be possible tc repeat a given SWR setting to within
+ 0,05 db in any fouwr (L) hour pericd.

3.5.L Transmitter test instrumentation.

The 'T test console shall contain the following special
purpcse test instrumentaticn shown in Figure 10 for the purpose of monitor-
ing, and mikinc measuremenis of, the modulated PM and FM transmitter outputs:

3.5.4.1 Spectrum display.

Th.a Console shall contain a device which will continuously
display tre modulated transmitter socectrum. Its sweep width shall be ad-

Justable from as roximately + 1 kc to + 1.5 Mc about the transmitter center

frequency.

X



3.5.10.2  Spectrum analysis.

It shall be possible to translate the modulated transmitter
spectrum to some convenient spectral position for the purpose of making an
accurate, high-resolution spectral analysis. This instrumentation shall
have the followin; claracteristics:

3.5.4e2.1 Cffset frequency.

It shall be possible to select any one of the following
frequencies as the translation refcrence, fy, = 50.01, 50.02, 50.C5, 50.1,
50.2 or 50,5 me.,  In addition, it shall be possible to easily substitute

any externally supplied reference freguency within this same range,

3.5.4.2.2 Balanced modulator.
The balanced modulator shall be functionally equivalent.
to thosespecified in 3.5.1.3.3,

3.5.40243 AC isolation amplifier.

The isolation amplifier shall be identical to that specified

in 30;.1.3.12. .

3.5.&.3 Carrier suppression measurement. It shall be possible to

perform an in—phase coherent detection of the transmitter output, both
modulzted and unmodulaéed, in order tc measure the carrier suppression to a
high degree of accuracy during system tests. This instrumentation shall have
the following characteristics:

3.5.4.2.1 Phase shifter. The phase shifter shall operate at a frequency

of 50 Mc and provicde a continuously variable phase shift of 0 to 360° or + 180°,
It shall have a calibrated dial accurate to within + 1° over this range.

3.5.Le3.2 Amplitude detector.

The amplitude detector shall be equivalent to an ideal

voltage multiplier in the time domain, or translator in the frequency domain,

-35..
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Its output voltare shall be a lirear.funetion of carrier input voltage
amplitude within + 3% guarenteed, + 1% design goal.

3.5.1e3643 DC isolation amplifier.

The dc isolation amplifier shall be identical to those
specified in 3,5,1.3.13.

3.5.5 . Commercial test squipment.

The PF test conscle shall contain, but not necessarily be
limited to commercial test equipment of the following types:

3.5.5.1  Frequency counter.

A digital frequency counter shall be provided for the
purpose of directly measuring any frequency generated within the console,

3e5.5.2 Sine waive oscillator

A sine wave oscillatar shall be provided for the purpose
of simulating modulation inputs up to a frequency of 1.5 Mc,

3.5.5.3 unction generator.

An audio function cenerator capable of generating low-

frequency sine, saquare, and triangular waveforms shall be provided.

3.0.5.L  Uscilloscope,

An oscilloscope shall be provided for the purpose of directly
viewing any siznal: generated within the console.

3654545 Digital Voltneter.

A digital dc voltmeter, with limited ac capability, shall
be provided for ihe purpose of accurately measuring internal supply voltages,
AGC volizres, static system linsarity, carrier suppression voltages, etc.

305456 True IS voltmeter.

£ wideband true rms voltmeter shall be provided for the

-36—
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purpose of accurately measuring phase noise variance, signal/noise
ratios, and mean-square values of complex waveforms,

3.5.5.7 Spectrum analyzer.

" A high-resoluticn spectrum (waveform) analyzer shall be
provided for the purpose of accurately measuring the spectral components
in the transmitted or received spectra.

3.5.5.8  Spectrum display.

A device shall be provided for the purpose of continuously
distlaying the transmitter output spectrum.
3.6 Fabrication.
The RF test console shall be fabricated according to the
following requirements,

3.6.1 General considerations.

3.6.1.1  Duplication of cormon equipment.

The ccnsole shall rever be operated in both PM and FM modes
simultaneously; therefore, within the constraint of reasonable operational
complexity there shall be no dujlication of common eguipment or modules in
these two configurations,

3.6.1.2 Solid state circuitry.

So0lid state design shall be used in preference to vacuum
tube desizn wherever this can be done without sacrificing accuracy or stability.

3.6.1.3 Use of available equipment

Wherever possible, preference shall be given to the use of
available commercial equipment and modulss as opposed to special purpose de-
sign. As an example, the use of high-performance operational amplifiers as a

standard "building-block" shall be emphasized during the design.

- 37 - ﬂ



3.6.1.4 Intsrchangeability.

A1l parts shall be directly and campletely interchangeable
with each other with respect to installation and operation,

3.6.2 Contrcls and meters.

3.6.2.1 Controls,

There shall be sufficient controls provided to enable a
trained operator to check-out and operate the conscle with moderate ease.
All tuning and operating controls of the console shall be so designed
that their setting, position, or adjustment shall not be altered when
the console is subjected to the envirommental and service conditions
srecified in 3.7.

3.6.2.2 Msters.

Vhere aépropriate from the standpoint of operator con-
venience, visual indication of important system parameters shall be
provided.

3.6.3 Materials, parts and processes.

Materials, parts and processes used in the design, fabri-
cation, and as.emtly of the items covered by this specification shall
conform to the applicabie specified herein, The contractar's selection
shall assire the highest uniform quality and condition of items; such
selaction shall pe subject to the approval of JPL,

3.6.3.1 Seiection of parts.

The selection of parts, where apolicable, shall adhere
to JPL pecification 20061, Components substituted eﬁall be at least
of proven eguivalent quality; such selection shall be subject to approval
of the JPL coynizant enginesr.

3.6.3.2 Dissinilar metals.

Dissimilzr metals 3hall not be used in intimate contact unless

_38-
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protected againat electrolytic ccrrosion in acrordance with the require-
ments of Specification MIL-F-14072, that portion pertaining to intermetalliec
contact,

3.6.3.3 Protective treatment.

Where materials used are subject to deterioration when
expoged to climatic and envirommental conditions likely to occur during
service usape, they shall be protected against such deterioration in a
man:er that will in no way prevent compliance with the performance require-
ments of this specification., The use of any protective coating that will
chip, crack or scale with agé or extremes »f environment shall be avoided,

3.6.2.k  Adhesives.

A1l adhesives shall be water resistance and shall be
cdurable under the service conditions defined in this specification,

3.6.4 Catles and Connectors.

Cables, connectars and intercomnecting cable ascemblies
shall be in accordance with JPL Svecification 20218, Cable assemblies
shall be so arranged and wired that no "hot" leads are terminated in pins
or other exposed contacts which could be accidentally shorted or touched.
Leads in multi-conductor cable assermblies shall be color coded to facilitate
identification, R¥ cables and connectors shall te chosen so as to meset
the performance spccifications atove, and the interterence specifications

of 3.6.6.



3.6.5 Identification and marking.

All assemblies of special instrumentation, modules, cables,
and connectars shall be cleerly ldentified as to function and location
in some self-consistent manner,

3.6.6 Interference.

The RF test console shall have a maximum practical pro-
tection from the eflects of electrical and radio interference signals,
and shall not generate undesired sirnals which might adversely afrect
other equipnent operating in the same vieinity. The following require-
ments shall apply£

3.6.6.1 Coherent inte- fererce.

Internal interference by coheront leakage signals within
the console sliall be a minirnum of 60 db below the designed signal under

all operating conditions.

3,6.6.2  Spurious interference
| Response within the console to both internally and
externally generated spurious signals shall be a minimum of 60 db below
the normal signal levels uncer all operating conditions.

3.6.6,3 Radiated inLerference.

Radistion of any signal generated within the console

shall he leas tnan_-IZO dtm &8s measured at a distance of 1 mster in

any direction from the corsole.

W -




3.6.7

Power,

The console shall be designed to the following power
specif{ications:

3.6.7.1 Primary power.

The console shall operate from primary input power with

the following characteristics:

a. Voltages: 115 + 10 volts
b. Freqguency: 60 + 1 cps
c. Phase: Single, 3 wire

There shall be a main circuit treaker in series with the primery power

and located at a comnvenient place on the front of the console,

3.6.7.2 Regulated power,
The console shall contain all necessary regulated power
sources, all power supplies shall be mounted in the lower portion of

the console, shall have voltage and current meters, and shall have individual
orimary power switches.
3.6.8 Racks.
The RF test console shall be housed in a maximum of four
(L) stardard racks, in accordance with the réqnirements of JPL Specifica-
tion 30605.
3.6.3.1 Paint ’
The outside surfaces of special equipment, including
the racks and front panels, shall be painted in a manner to be defined
by the JPL cognizant engineer. Commercial equipment shall be supplied

with the Vendor's standard finish.

=
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3.6.8.2 Layout.
The rack layout shall conform to good human engineering.
practices,
3.6.8.3 Deleted.
3.6.8.4 Panel Marking.
All identifications and markings on control and instrument
panels shall be applied by the silk screen stencil method.
3.7 Envirogggntal and service condition.
The RF test console shall be designed and-constructed
such that no fixed part or module shall become loose or damaged, and
no degradation of performance shall occur when the console is subjected
to tﬁe following conditions:
‘ 3.7.1 Temperature.
The console shall be capable of operating over an ambient
temperature range of 10 to 40°C.
3.7.2 Humidity.
The console shall be eapable of operating over an ambient
relative humidity range of 0 to 90%.

3.7.3 Alticude,

The console shall be capable of being stored, non-operating

at any altitude from 0 to 30,000 feet.
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1.7.4 Transportation handling.

The console shall be constructed to withstand the rigors
of ground and air transportation,

3.8 Workmanship.

Uniformity of shapes, dimensions, and performance shall
permit interchangeability of replaceable components and complete units.
There shall be no cracks, breaks, chips, beﬁds, burrs, loose solder,
loose attaching parts, locse electrical connections, or any other evidence
of poor workmanship such that the unit is unsuitable fcr the purpose
intended. The unit shall be clean and free of foreign materials.
Workmanship shall be in accordance with JPL Specifications 20016 and
20018 with the following exceptions: |

1. Soldered connections shall be given 100% visual inspection
under 3X to 6X magnification on modules and chassis, and 100% visual
inspection with the naked eye on cabinet wiring.

2. Vendor certification on materials and processes, as snecified
by JPL ;pecification 20016, will not be required.

3. Modules (Sub-chassis units) will be fabricated to meet good
commercial practice. These units will be wired by engineers and tech-
nicians. All other work, chassis wiring and fabrication, cabinet wiring
and fabrication will be done by Model Shop personnel and will meet
JPL specs 20016 and 20018. |

L.k QUALITY ASSURANCE PROVISIONS

4.1 Contractor's inspection.

The contractor's and subcontractor's inspection shall

_h3_
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include such visual, electrical and mechanical examination and testing

.of materials, subassemblies, parts and accessories, including source
items, during the process of manufacture as may be required to agsure
that the complete console will meet all the requirements of this
specification. The test set shall be subject to complete examination
by JPL prior to and following delivery,

L2 Performance test,

The RF test console shall be tested at the contractar's

facility, in the presence of the JPL cognizant engineer, to determine
full compliance with the perférmance requirements of this specification.
The contractor shall assure to the satisfaction of JPL, that he has
available, and utilizes correctly, measuring and test equipment of the
reqﬁired accuracy and calibration, and that the instruments are of the
propsr type and rangs, to make measurenents of the required accuracy.
The contractor shall have a sct of master gauges, secondary standards,
or appropriate instruments to conduct regularly schedule calibrations
of his inspection and test equipment, or shall be able to prove that
his instruments have been recently calibrated against the appropriate
secondary standards at another facility.

b.3 Rejection and resubmittal.

The RF test consnle shall be subjected to a complete
performance test at JPL before acceptance. In the event of failure of
any portion of the console to conform to specifications, the entire
console or that portion which failed will be rejected and returned to

the contractor for rework., Prior to resubmittal, the contractor shall

v
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confirm the failure or performance deviation, inform JPL of the corrective
action taken, and submit test data to verify conformance to this specifica-
tion. JPL shall then retest the console or that portion which was resub-
mitted before final acceptancs,

5. PREPARATION FOR DELIVERY

5.1 Packing for shipping.

The RF test console shall be packed for shipment in a
manner conforming to the requirements of Uniform Freight Classification
for rail shipment, National Motor Freight Classification for truck ship-
ment, Parcel Post Regulations, and the regulations of other carriers as

spplicable to the mode of transportation.
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